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INTRODUCTION: 

The Gynecologic Oncology Group (GOG) trial 218 was a randomized phase III trial in primary 

stage III and IV ovarian carcinoma, which found a statistically significant improvement in 

progression free survival (PFS) for combination chemotherapy with extended bevacizumab, an 

antibody to the VEGF receptor that inhibits angiogenesis. However, this relatively small increase 

in PFS came at high financial cost and increased toxicity. Identifying biomarkers that predict 

increased response to bevacizumab is essential to allow more individualized and cost effective 

patient care. Inherited mutations in BRCA1 and BRCA2 (BRCA1/2) occur in 13-18% of all 

ovarian carcinomas. BRCA1/2 are involved in the Fanconi anemia (FA) DNA repair pathway and 

BRCA2 is a FA gene. Women with BRCA1/2 mutations are known to have an improved overall 

survival compared to women with sporadic ovarian carcinoma. The FA-BRCA pathway controls 

DNA repair via homologous recombination (HR). Recently, our group and others have more 

broadly implicated the FA-BRCA pathway in the etiology of hereditary ovarian carcinoma, 

identifying a number of new ovarian cancer susceptibility genes including BARD1, BRIP1, 

RAD51C, and RAD51D. Our hypothesis was that women that are wildtype for germline 

mutations in the FA-BRCA pathway would demonstrate greater benefit from the addition of 

extended bevacizumab to standard induction chemotherapy for advanced ovarian carcinoma.  

KEYWORDS: 

Ovarian, angiogenesis, clinical trial, homologous recombination, mutation, BRCA1, BRCA2, 

PALB2, BARD1, RAD51C, RAD51D, BRIP1, outcomes,  histology 

ACCOMPLISHMENTS: 

Major goals: Our primary objective was to deeply sequence a large number of genes in the FA-

BRCA pathway in germline DNA from GOG218 and correlate the presence of deleterious 

mutations with progression-free survival according to treatment arm. Secondarily we assessed 

the contribution of novel FA-BRCA genes to hereditary ovarian carcinoma including those of 

various histological sub-types and correlated the presence of FA-BRCA mutations with overall 

survival and treatment toxicity. 

What was accomplished:  

Major activities: Completed DNA sequencing using BROCA-HR assay developed by our group 

of 65 DNA repair genes on tumor and/or blood DNA from 1195 cases from GOG218 and from 

557 blood DNAs from GOG262.  

Specific Objectives: 

1. Correlate the presence of deleterious mutations in HR genes with progression-free

survival according to treatment arm in GOG218

2. Evaluate the rate of damaging germline mutations in BRCA-FA genes in a large series of

unselected women with ovarian cancer.

3. Compare mutation rates from #2 above with a large set of publically available population

data.

4. Correlate the presence of deleterious germline mutations in ovarian cancer suscpetibiliyt

genes with histological sub-type.

5. Correlate the presence of deleterious germline mutations with toxicity in GOG 218.
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Germline DNA results including results of objectives 2-4 above were reported in the following 

manuscript: 

Norquist BM, Harrell MI, Brady MF, Walsh T, Lee MK, Gulsuner S, Bernards SS, Casadei S, Yi 

Q, Burger RA, Chan JK, Davidson SA, Mannel RS, DiSilvestro PA, Lankes HA, Ramirez NC, 

King MC, Swisher EM*, Birrer MJ*. Inherited Mutations in Women With Ovarian Carcinoma. 

JAMA Oncol. 2015 Dec 30:1-9. PMID: 26720728  

*Drs. Swisher and Birrer were co-senior authors on this manuscript

Key findings from this work included the following: 

1. PALB2 and BARD1 are new ovarian cancer susceptibility genes.

2. We confirmed the importance of RAD51C, RAD51D, BRIP1 as ovarian cancer

susceptibility gene.

3. Other known or purported breast cancer susceptibility genes excluding BRCA1 and

BRCA2 are not clearly associated with risk of ovarian cancer.

4. All histological sub-types of ovarian cancer are associated with inherited mutations in

ovarian cancer susceptibility genes suggesting that all women with invasive ovarian,

peritoneal of fallopian tube cancer should have genetic testing.

5. The degree of risk associated with mutations in PALB2, RAD51C, RAD51D and BRIP1

warrant consideration of age appropriate risk-reducing salpingo-oophorectomy.

The data addressing objective 1 and 5 was recently presented as a plenary presentation at the 

Annual Meeting of the Society of Gynecologic Oncology (SGO). This presentation won the 

Presidential Award for the best scientific abstract at the 2016 meeting:  

Norquist BM, Harrell MI, Brady MF, Walsh T, Lee MK, Gulsuner S, Bernards SS, Casadei, 

Burger RA,, Davidson6 SA, Mannel RS, DiSilvestro PA, Lankes HA, Ramirez NC, King MC, 

Michael J. Birrer MJ, Swisher EM Defects in Homologous Recombination and Response to 

Bevacizumab in GOG 218: an NRG Oncology Study. Society of Gynecologic Oncology Annual 

Meeting, March, 2016, San Diego, CA 

A manuscript is currently in preparation. 

This aspect of the work focused on the germline and somatic mutations in GOG 218. Clinical 

characteristics of cases used is provided in Table 1. 

Table 1 Clinical Characteristics N (%) 

Total 1195 

Age <40 40 (3.3%) 

40 – 49 176 (14.7%) 

50 – 59 385 (32.2%) 

60 – 69 374 (31.3%) 

70 – 79 205 (17.2%) 

≥80 15 (1.3%) 
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Race/Ethnicity* Non-Hispanic White 1048 (87.7%) 

Hispanic 51 (4.3%) 

Non-Hispanic Black 46 (3.8%) 

Asian/Pacific Islander 31 (2.6%) 

Other or Unknown 19 (1.6%) 

Disease Site Ovary 998 (83.5%) 

Peritoneal 171 (14.3%) 

Fallopian Tube 26 (2.2%) 

Stage Stage III/Optimal 465 (38.9%) 

Stage III/Suboptimal 453 (37.9%) 

Stage IV 277 (23.2%) 

Histology High-Grade Serous 971 (81.3%) 

Low-Grade Serous 46 (3.8%) 

Carcinoma, NOS 84 (6.2%) 

Low-Grade Endometrioid 4 (0.3%) 

High-Grade Endometrioid 38 (3.2%) 

Clear Cell 28 (2.3%) 

Mucinous 7 (0.6%) 

Treatment Arm CT + P -> P 408 (34.1%) 

CT + B -> P 386 (32.3%) 

CT + B -> B 401 (33.6%) 

Abbreviations: High-Grade (grades 2 and 3), Low-Grade (grade 1), NOS (not otherwise specified), CT 

(chemotherapy), P (placebo), B (Bevacizumab).  

A summary of the samples sequenced and results is provided in Table 2. 
Table 2:  

Source of 

Sequenced 

DNA 

DNA from Blood (Detects 

Germline Mutations) 

DNA from Tumor (Detects 

Both Germline and Somatic 

Mutations) 

*Blood

(Germline 

Only) 

**Blood and 

Tumor 

(Somatic 

Only) 

Tumor Only 

(Germline 

and Somatic) 

All Sources 

N (%) 464 (38.8) 324 (27.1) 407 (34.0) 1195 (100) 

Mutation 

Group 

BRCA1 (%) 79 (10.0) 17 (5.2) 52 (12.8) 148 (12.4) 

BRCA2 (%) 46 (5.8) 7 (2.2) 25 (6.1) 78 (6.5) 

Other HR 

(%) 

50 (6.3) 8 (2.5) 23 (5.7) 81 (6.8) 

Total HR 

(%) 

175 (22.2) 32 (9.9) 100 (24.4) 307 (25.7) 

*Percentages with mutations calculated out of the total 788 patients with germline testing

**Subset of the 788 patients with germline testing who had previously negative germline testing, 

therefore these mutations are somatic only 
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Both progression-free survival (PFS) and overall survival (OS) was significantly better for cases 

with BRCA1, BRCA2 or other HR mutations in comparison to wild-type (no mutations) (Figure 

1). For the purposes of these analyses other HR mutations was defined as including damaging 

mutations in the following genes: ATM, ATR, BARD1, BLM, BRIP1, CHEK2, MRE11A, NBN, 

PALB2, RAD51C, RAD51D, RBBP8, SLX4, and XRCC2. 

Figure 1. 

Hazard ratios were significant for progression (Table 3) or death (Table 4) after adjustment for 

major prognostic variables including study treatment, stage of disease, size of residual disease, 

and initial performance status. 

Table 3. Adjusted Hazards for Progression by Mutation Category 

Gene Category Total N Events (%) aHR (95% CI) P-value 

BRCA1 148 129 (87.2) 0.80 (0.66 – 0.97) 0.02 

BRCA2 78 61 (78.2) 0.52 (0.40 – 0.67) <0.0001 

Other HR 81 66 (81.5) 0.73 (0.57 – 0.94) 0.01 

No Mutation 888 801 (90.2) 1.0 (referent) Referent 

Table 4. Adjusted Hazards for Death by Mutation Category 
Gene Category Total N Events (%) aHR (95% CI) P-value 

BRCA1 148 89 (60.1) 0.80 (0.66 – 0.97) 0.02 

BRCA2 78 30 (38.5) 0.52 (0.40 – 0.67) <0.0001 

Other HR 81 47 (58.0) 0.73 (0.57 – 0.94) 0.01 

No Mutation 888 618 (69.6) 1.0 (Referent) Referent 

Events (progression or death in 60 months), aHR (adjusted hazard ratio). 

The no mutation group was the referent group.  

Toxicities were not significantly different by mutation group. 

Using a test of interaction, there was no interaction between the effect of bevacizumab and mutation 

status on PFS or OS, suggesting that mutation status should not be used to select which patients 

should get adjuvant bevacizumab in the primary treatment of advanced ovarian cancer. This is a key 



8 

finding of the study. 

Opportunities for training and professional development provided: Dr. Barbara Norquist 

completed much of the sequencing on this project as a new faculty clinician scientist and had the 

opportunity for one on one mentoring on sequencing and analyses with Drs. Swisher, Walsh and 

King. She also was mentored by Dr. Mark Brady on the statistical analyses. 

How were the results disseminated to communities of interest? 

Results were disseminated to the scientific and lay community through the manuscript and abstract 

listed above (and included in the Appendix). An additional manuscript is under preparation. 

What do you plan to do during the next reporting period to accomplish the goals? 

Nothing to report. 

IMPACT 

Important findings from this research are impactful for the ovarian cancer community. We 

determined that mutation status including the presence of BRCA1, BRCA2, and other HR 

mutations should not be used to select which patients get adjuvant bevacizumab in the primary 

treatment of advanced ovarian cancer. We found that BRCA1 and BRCA2 and other HR mutations 

have a strong influence on overall survival and these factors should be assessed in clinical trials of 

ovarian cancer. We also found that BRCA1 and BRCA2 and other HR mutations are present in all 

histological sub-types and clinical trials that assess PARP inhibitors and include only high grade 

serous cancers are missing a significant fraction of HR-deficient ovarian cancers that could 

potentially benefit from these therapies. We also identified PALB2 and BARD1 as new ovarian 

cancer susceptibility genes, which has important indications for predicting risk and preventing 

ovarian cancer. Overall, we determined that at least 11 genes contribute to ovarian cancer and 

explain 20% of cases suggesting that 20% of ovarian cancers could be predicted and therefore 

targeted for prevention. 

What was the impact on other disciplines? Nothing to report 

What was the impact on technology transfer? Nothing to report 

What was the impact on society beyond science and technology? By better identifying which 

genes cause ovarian cancer, we have provided an opportunity to improve public education about the 

importance of genetic factors as a risk factor for ovarian cancer. We are actively pursuing the goal 

to increase public awareness through advocacy organizations including The Ovarian Cancer 

Research Fund Alliance (OCRFA), the National Ovarian Cancer Coalition (NOCC) and Stand up to 

Cancer (SU2C). Below is an example of one of our efforts attempt to raise public awareness. 

https://www.yahoo.com/katiecouric/q-and-a-with-dr-elizabeth-swisher-172612116.html 

CHANGES/PROBLEMS: Nothing to report 

PRODUCTS: Nothing to report 

https://www.yahoo.com/katiecouric/q-and-a-with-dr-elizabeth-swisher-172612116.html
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GOG 218 – adding bevacizumab in primary 

ovarian cancer

Stage III or IV OC 
post surgery

carboplatin/paclitaxel

carboplatin/paclitaxel 
+ bevacizumab 

carboplatin/paclitaxel 
+ bev + bev

maintenance

RANDOMIZED

1

2

3

3.8 months

10.3 months

14.1 months

PFS

Burger et al, NEJM, 2011

N = 1873



Defects in homologous recombination impact 

prognosis in ovarian cancer

Pennington, Clin Ca Res, 2014

• BRCA1 and BRCA2 are 

homologous recombination 

genes

• Homologous recombination is 

the primary way that cells repair 

double-strand DNA breaks
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Hypothesis

• Ovarian cancer (OC) patients with defective 

homologous recombination may derive less 

benefit from bevacizumab



Objective

• To assess the impact of mutations in genes 

affecting homologous recombination on 

response to treatment in GOG 218



Study population: 1195 of 1873 (63.8%) sequenced

Characteristic Sequenced

N = 1195

Not Sequenced

N = 678

P-Value

Mean Age 59.6 years 60.2 years 0.62

Race:

Non-Hispanic White 1048 (87.7%) 526 (76.4%) <0.001

Debulking status:

Stage III Optimal 465 (38.9%) 175 (25.8%) <0.001

Stage IV 277 (23.2%) 204 (30.1%)

Histology:

Gr 2/3 Serous 971 (81.2%) 526 (77.6%) 0.06

Bev Exposure:

Arm 3: CT+B->B 401 (33.6%) 222 (32.7%) 0.28



BROCA-HR sequencing

• DNA from blood and/or neoplastic tissue

• Sequenced with BROCA-HR, targeted capture, 

multiplex sequencing assay1

• Defects in homologous recombination defined as 

damaging mutations in ATM, ATR, BARD1, BLM, 

BRCA1, BRCA2, BRIP1, CHEK2, MRE11A, NBN, 

PALB2, RAD51C, RAD51D, RBBP8, SLX4, and XRCC2 

1. Walsh et al, PNAS 2010



Statistics

• Proportional hazards models were used to provide 

estimates of relative hazards for progression free 

survival (PFS) and overall survival (OS) by 

genotype, adjusted for clinical characteristics

• The relationship between mutation status and 

bevacizumab effect was assessed with a test of 

interaction



Proportion of OC patients with mutations in 

homologous recombination genes

N = 1195

Gene N

BRCA1 148

BRCA2 78

Other 81

Total 307 (25.7%)



Clinical characteristics by mutation status



Clinical characteristics by mutation status

Low-grade serous histology had a significantly lower mutation 

rate,10.9% versus 27.0%, (p=0.02, OR 0.33, 95% CI: 0.1 – 0.8)



Progression-free survival by mutation status
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Estimated relative hazards for progression 

by mutation category

Mutation Category Hazard Ratio (95% CI) P-Value

BRCA2 0.52 (0.40 – 0.67) <0.0001

BRCA1 0.80 (0.67 – 0.97) 0.02

Other HR 0.73 (0.57 – 0.94) 0.01

• Reference group is those with no mutation

• Hazard ratios are adjusted for study treatment, stage of 

disease, size of residual disease, initial performance status



Overall survival by mutation status
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Median Months OS:
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Estimated relative hazards of death by 

mutation category

Mutation Category Hazard Ratio (95% CI) P-Value

BRCA2 0.36 (0.25 – 0.53) <0.0001

BRCA1 0.74 (0.59 – 0.94) 0.01

Other HR 0.67 (0.49 – 0.90) 0.007

• Reference group is those with no mutation

• Hazard ratios are adjusted for study treatment, stage of 

disease, size of residual disease, initial performance status



Stage III or IV OC 
post surgery

carboplatin/paclitaxel

carboplatin/paclitaxel 
+ bevacizumab 

carboplatin/paclitaxel 
+ bev + bev

maintenance

RANDOMIZED

1

2

3

3.8 months

10.3 months

14.1 months

PFS

Bevacizumab treatment effect by 

mutation category

Arms 1 (C/T alone) and 3 (C/T/B + Bev): N = 809



Progression-free survival by treatment arm: 

no mutations (N = 581)
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• Is mutation status an effect 

modifier?

Did mutation status impact the effect of 

bevacizumab on progression?

No mutations

With mutations

C/T/B + Bev 

C/T/B + Bev 

C/T alone 

C/T alone 

HR: 0.71 

HR: 0.95 



• Is mutation status an effect 

modifier?

Did mutation status impact the effect of 

bevacizumab on progression?

• Test of interaction: (0.95/0.71) = 

1.33, (0.95 – 1.85), p=0.098

• Mutation status did not

significantly modify the effect of 

extended bevacizumab on PFS

No mutations

With mutations

C/T/B + Bev 

C/T/B + Bev 

C/T alone 

C/T alone 

HR: 0.71 

HR: 0.95 



Summary and Conclusions

• Women with OC with mutations affecting 

homologous recombination had significantly longer 

PFS and OS than those with no mutations

– Important prognostic information for patients

– Mutation status should be incorporated into clinical trial 

design



Summary and Conclusions

• Mutations affecting homologous recombination were

found with all histologic subtypes of OC

– All women with OC should be offered genetic testing

– Clinical trials that focus on high-grade serous histology are

missing a significant fraction of homologous recombination-

deficient carcinomas

• Mutation status did not significantly modify the effect of

bevacizumab on progression-free survival
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